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SCALMD, a graphics-based hierarchical digital logic design system, is 
described and an example of its use ts given. SCALD provides a 


re ee eet ee tiett Tepes MW aeipeds Pewee 
descr’ iption of a a digital system, and produces out for computer- 
aided manufacture of the system. SCALD has been veed fi the 
design of an operational, 15-MIPS, 5500-chip ECL-10K processor. 


1. Tytroduction 


SCALD (Structured Computer-Aided Logic Design) is a graphics- 
based design system which allows digital systems to be designed In a 
hierarchical manner. SGALD’s main goal is to reduce the amount 
of time required to design large cligital systems, by allowing the 
desipner ta express his design on the same level that he thinks about 
it, frecing him from the task of actually drawing out all of the fogic 
and creating a wire list. Destgns expressed In this high-level 
netalion become inuch more ainderiiandable, both for designers 
and for matntenance engineers. 


SCALD's second Important goal is to allow designs ‘o be recompiled 
rapidly when new circuits become available, allawing designs to 
repeatedly take maximal advantage of the exponential rates of 
advance currently characterizing the semiconductor Industry. This 
goal is achieved by expressing a design in terms of high-level 
modules, which in the future may be tisulemented as single 1Cs. In 
practice, considerable work may still be required to update a design 
ta Incorporate recent technology advances, but the required effort Is 
Nikely ta be much less than If the desizn wee net expressed 
hierarchically. 


SCALD has been used to design a very high-performance processor, 
the S-I, shown in Figure 1-1, which is a 15 MIPS, 5590-chip 
ECL.-10¢ machine. This design experence fas been very 
favorable; the enli:e processor was designed and implemented with 
two snan-years of effurt. 


To provide a vehicle for the presentation of SCALD, the design 
of a very simple processor bas been carried through the Nesign 
System. The top level of this design is represented in Figure 
1-2 and Figure §-9; The processor consists of 2 resister 
file of 36-bils by 1G words, a d-input, 26 oe multiplexer, a 26-bit 
arithinetic-logic functian generator, and a S0-bit accumulator. The 
microsequencer shown In Figure 1-3 contrais the — simple 
processor; It consists of an $-bLit counter ard a contiol stere of 23 bits 
hy 256 words. 


2. System Overview 


SCALD takes as input a hiph-level description of i digital system, 
and produces output for the comptiter-aides: manufacture of the 
system) on wire wrap boards. Figine 2-1 shows the thice main 
modules In SGALD. Input to the systen Is through the Stanford 
University Drawing Systera (SUDS) Graphics Editor 
(Helliwell 1972), which allows drawings to be entered directly on a 
graphics lerminal. 

All parts of SGALD except the SUDS Graphics Fditor are written tn 
PASCAL, and ate therefore highly Crausporlable, The Macro 
Expander (M) reads the cuiput of GUDS, along wih the hand- 
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generated layout specification, expands (he drawings Into # connection 
list, and generates a number of listings to ald the designer. The Wire 
Lister (W) inputs Wie connection list, a chip definition file, and an old 
beard state, and produces a wrap/unwrap list, a run list, dercribing 
each run (electrically connected et) in detail, a new board state, and a 
nuniber of summaties and statistics. Ghanges can te made ta a 
Seeds MO op ostil byt Wig, SIE OUln Le ie Uigs feb CGE Dhan . 
the entire SCALP System again; the Wire Lister then reads the od 
board state, which specifies haw the system was constructed befare the 
change, and outputs a riew board stateand a wrap/unwrap fist, the 
execution of which updates, the systcin to correspond to the new 
drawings. 


Tiguie 1-1 
S-1 Processor 
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Figure [-2 
Simple Processor Macro 
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Figure |-3 
Processor Contrat Macro 
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Figure 2-[ 


Main Modules in SCALD 


3. Granites Eslitor 


The bicrarchical logic diagrams are enicred into the SCALN system 
using the Stanford University Drawing System (SUDS) Gr iphics 
Editar. Examples of logic diagrams drawn with SUDS are shin wh in 
Five £29 and Vearrten PG hee SPIELE eeeee an bee aries Set ce 
glaphics edilor, wirtten in assembly language, ‘which runs on a PDP- 
10 equipped with a refreshed graphics terminal. The program Is 
controiied with keyboard commands, and the cursor Is conirolied 
either by a light pen, or by the keyboard. 


The first step in using the SCALD Design System is to create a 
library of common body definitions, such as those shown In Figure 
3-1. The user has complete cantrol uver the appearance of a 
budy. Once a tubraiy of badies is created, drawings can use those 
boslies. A body is positioned in a drawing by giving commands at 
the keyboard which place it al the lozation specified by the cursor. 
After baddies have been thus positioned, commands are given which 
connect the bodies with lines, and place text on the lines. In general, 
the user has campleve control af the positioning and ititerconnection 
of baddies in a drawing, SUDS allows bused-through lines, that 1s, 
lines which connect to a body and then pass invisibly under the budy 
(harizontally or verticatiy) to exit on another side, and this capability 
was found to be extremely useful in decreasing the clutter in 
drawings. SUDS includes inany commands which allow bodies and 
lines to be casily moved, and has a macro facility which atlows 
repelilive suuciures to be drawn very quickly. Hard copy of 
drawings is available from either a Xerox Graphic Printer or a 
plotter, 


Dominant resource utilization by the SUDS Graphics Editor during 
the design of the S-1 amounted to 80 hours of KL-10 compute time, 
and 1000 hours of graphics-terminal time spread over a perlad of 
one year. 


The SUBS Graphics Editor outputs the drawings represented in a 
text Macio Language. This text Macro Language serves as input to 
the Macro Expander. It wonld be possible ta use a different 
Craylucs Lditor to supply input to the SCALN Design System If 
anolher program were written to translate the drawings Into the text 
Macro Language, 


4. Macro Language 


A design in SCALD consists of a set of macro definitions (rnacras), 
which ae expanded, starting from a distinguished top-level macro 
and continuing downward until no macro remains which has a 
definition ie, all remaining macros are available devices), to generate 
a wire list and all the necessary associated cocumentation for the 
system Lelng designed (the elject machine). ‘These macro definitions 
are entercd directly inlo the SGALID data base using the SUDS 
Graphics Nditor. 

Macro calls within a macro definition are represented by appt npriate 
bodies fram the Body fabrary, and may be passed varwus 
parameters, the vatues of which differ from call to cai, Connections 
between bodies are nade wish tines, which represent signal ¥e clors 
and may be nained; identically named signals are implicitly connected, 
Signal vectars may be passed as parameers to macros; the formal 
naine af a sipnal-vectar pasameter passed toa marcia is shown or the 
macry body where the actual signal vector connects to the macre 
burly. 


A macro can be callect one or more tines from ather macras, but 
cannot be called recursively, since SCALD aliows no conditional 
expansion. ‘The ability to define once a function which is uscd many 
times greatly reduces the overall dcsign time for a large ols ject 
machine; it reduces redundancy and thereby farilitates verification 
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The use of macros (rather than bodies representing available devices) 

» in the definition cf the data path ia an abject machine results in a 
greal reduction in the number of drawings required and in the 
density of bodies on the drawings. ‘The object: machine's non- 
repetitive (cantiol) logic can be then distributed thruughout the data 
path, placing i near the logic it controls, thereby ealancine the 
overall understandability of he logic. 


On the macro level, SCALD does not distinguish between inputs and 
outputs of devices or inacros. Jt is not until after the macros are 
expanded that the SCA] 1) System checks for runs with an iilepal 
number of inputs or outputs. Jn general, each rin must fiave exactly 
one output, unless pernussion is granted In the drawings (by the use 
of a Wire-Or Bedy) for multiple outputs. 


4.1 Signal Expressions 


SCALD allows signals to be grouped together to forin a signal vector, 
represented by a single (possibly named) line in the drawings, For 
example, the signal vector named “AcQ:Ih>" represents 16 siynals, 
The general notation for the name of a signal vector is 
“NAMEci:J>", where NAME is a string and | and J are inteyers; by 
convention, J fs the high-order bit number, while J is the low- 
order bit number. Signal vectors can be concatenated by wiiting a 
cafan between their iamnes, A signal vector can he repticated by 
suffixing its name with an asterisk and a number; for exarpie, the 
expression = "“Ac<Q:doe3" is equivalent’ ta the — expression 
"A <0.2>:A <O:82:A <O:4>", Hales can be generated in # signal vector 
by use of the special signal "2", a one-bit signal which {s never 
connected in the hardware; in the ECL-LOK logic family used in the 
design of the S-} pracessoi, an open input is a logic cro. 


Figure J-2 contains an example of a complex signal expression: 
“EXT OUT<&:35> CG OUT /M #3: 746" represents a 26-bil vector, 
where the high-order ?7 bits are "EXT QU1<9:34>", the next 3 bits 
are the local signal (see Section 4.2) "CG OUT", and the faw-order 
G bits are not connected. 


SCALD also understands primitive merger bodies. Fieure 1-2 
contains a two-menper and a thiee-merger, which conc#tenate, 
respectively, two signal vectors and thiee signal vectors, forming 
larger vectors. The two-merger Is connected to the "I" input of the 4- 
input multiplexer, and the three-merger is connected to the "bE", "8", 
and "CI" inputs of the “86 BIT ALU 10:81". Mergers are used 
where concatenation is needed, but preservation of the explicit 
connectivity of the drawing is desired. 


4.2 Sienal Types 


Signals In a macro definitiun can be of three types: parameters, 
locals, and globals. * Subject to limitations cf seane, slanals af the 
same name in any are implicitly connected tiaughout all macro 
definitions. 
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Figure 3-1 
Yody Library 


Ao macio definition must always declare in’ a PARAMETER 
declaration all of the signal parameters that will be passed to it, as 
shown in Figure 1-3. ‘The parameter signals declared must be the 
same as those shown in the body at the call site; they are checked for 
consistency. Where a parameter signal is used, its name can 
optionally have the string "/P" following it at each use, allowing 
the macro expander to check for consistelicy, and improving 
readability. The scope of a parameter signal is the enclosing macro 
definition. 


A signal name followed by "/M" Is a local signal; the scope of a local 
signal fs the enclosing macro definition. 


Global signals are those which have no "WM" or "/P" suffix, and 
which ale not contained in a PARAMETTR declaration. ‘This 
syntax for specifying the type of global signals was found through 
experimentation (o be superior to the method of declaring all global 
signals, as all variables are declared in ALGOL, first because signal 
Hames aie commonly long, and also because mast signals are used 
infiequenily, thus both the absolute and relative overhead involved 
In maintaining the global declarations was found to be large. 
Undeclared global signals have unlimited scope. The scope of global 
signals can be hited to a subtree in the dynamic call strucrure by 
declaring them at the root of the cesired subtree, In Figure 1-2, the 
signal “OUTPUT SIGN" is declared, and Uniefere ils scape ts 
limited to its containing macro end to all macros below il un the 
dynamic call structure. 


4.3 Verslons 


In SCALD, there is a difference between a logical and a physical 
Signal. A physical signal is simply a run in the object: machine, but 
a logical sisnat is a set of physical signals (versions) that essentially 


always have the same value. Signals in drawings are logical 
signals. For example, the logical signal "REG CK BUF /M" in 
Figure 1-2 is driven by a 10110 gate, which fas three identical 
outputs, thus thice physical versions. Each output is a different 
physical signal; loads will be distributed among the three outputs 
when the ob ject machine is laid out. 


4.4 High-Low Brivers 


In the ECL lagic families, many functions have both the true and 
complementary outputs available. SCALD allows this functionality to 
be fully utitizved. In the definution of a muttiplexer chip, fer example, 
it is specified that the values of the select lines can be campternented 
without affecting the function, If the inputs are permuled in a 
particular way. When a multiplexer chip is lald out, it can be taid 
out in its reverse form, and SCALD wiil autumaticaliy search to see If 
there is an unused complementary oulput on the gate driving the 
select line. Hora, SCALD will automatically oblize tt, permuting the 
inputs to the multiplexer as specified. In Figure 1-2, for example, the 
"9613 10174" macro can be laid out with 16 bits being driven by the 
true otrput of Une gate on its select fine, and the other 18 bits being 
driven by the complementary output. 


This manner of representing high-low drivers , and. stinilarly, the 
manner of allacating physical versions, helps (o minimize the amount 
of information it the drawings which is not related to the logical 
design, thus making the logical operanon of the olyect machine more 
apparent, and places the task af specifying whish parts are driven 
high and which parts are driven low in the byeut phase of the 
design where il belangs, since thus deierminativy may depend heavily 
on positions of chips. 


4.5 Macro Definition 


There are two basic types of macro definitians. ‘The first consists of a 
complete definibon, such as the “SIMPLE PROCESSOR" inacro, 
Vhe second ts called an "XB" (X-Bit) macro, which consists af the 
definition of a single bit o: hit-slice of a bit-wise symroetricat 
function, anc expands to a width given by a parameter in the macro 
call. 


A macro definition may have fearmal signal parameters, through 
which are passed signal vectors from the call sites. All of the farinal 
Signal gurameters of a macro must be explicitly declared ina 
PARAMETYTR declaration, as shown in Figure 1-8. These format 
signal-vector parameter names must be the same as the signal names 
which are wiilten an the macro body. The width of a signal-vecter 
is shown in the PARAMETER declaration, and is checked on each 
call. All signals with the same bame within a given same scope, and 
all points connected logether with a line, are wired tagether. If mare 
than one siznal name is written ona line, then the signals are 
synonyms, Uhat is, all connections to each such signal will be wired 
together, 


Macro definitions can consist of one or more pages, where a multiple- 
pare maces has (he sen moren tith an each nave 


4.6 Macro Call 
A macro call consists of a body which has: 
- An arbitrary shape. 


-  Foarinal signal parameters for passing signal vectors to 
the macio definition, 


- A macro name. 

- A label. 

~ A size parameter. 

~ A times parameter, : 


Yo enhance the understandabiity of the drawings, different calls of 
the same macia can have different shapes. For example, it ts 
camman to lave twa shapes for a macto, corresponding to its posilive 
and negative logic forms. 


Vhe forusal signal parameters of a macro are drawn around the 
edges of the macro body; each consists ef a text string and a paint 
for lines ta attach to it. Jf a parameier Is an active low signal, then 
the bocly generally contains a diamond at the point at which the 
lines connect, and the formal parameter in the definition consists of 
the formal parameter shown in the call, with " L" appended toa it, to 
Indicate that it is an active luw signal 


The macro name is a text string, which is normally placed in’ the 
middle of w« macra shape, it can be mere than ane fine long, as 
shown In Fisure 1-2 ("S68 BIT ALU) 10181"). The macio name 
contiects the macro call with the appropriate macra definition. 


The tibet ds a text string, also normally placed in the middle of a 
macru shape. Phe label varies from call to call for a given macro 
body; the label assuciated with each macro call must be unique within 
the enclosing: macro definition. ‘he labels in Figure J-2 are "CTL", 
“RAY "RE ORS "AN "M" “GI, "G2" and "G3" 

The sive paranicter is used only for calls on XBetype macro 
definitions; the value of this paranieter fs of the for "nb", where “n" 
is an integn representing the number of bits in this particular macro 
cil, Speciit syntax in the XB-type macro definition allows SGCALD 
to create signal names which have bit numbers included in them. 


Ne ties paramewn has a value of the farm "ne", where “n" 
represents an Intever, If a macro call has a times parameter of "nv", 
then the macro will be automaticaly called mn times, using the sme 
values of all parameters during each call, making cach labcl unioue 
(by suffistig), and makings all version designations within the calicd 
macro uniqur (alsa by suffising). This facihty is used for calling 
functions which niust have large fanout without obscuring the logic 
at the call site. 


4.7 Terminal Component 
A terminal component call consists of a body which: fies: 


~ An erbitrary shape. 


Pin names for connecting signals. 


A component name. 
A label. 


A terminal component corresponds to cidher all or partof a chip. Te 
can have different shapes at differcut cail sites to entimee its 
understandability. 


Signals connect to a terminal component anily at pins, which have pin 
names which may be different from the actual pin numbers on air IG. 


The component name specifies the chip type. 


The label is used to identify the componcnt in the macro definition, 
and must Le unique ameng mace labels and lesminel component 
labels within a macro definition. 


4.8 Macro Expansion 


Oe hl SC ee te i hi 
all of the pins cn terminal components to which cach signal connects. 
Each run on the list is given a unique name. A run name is of the 
form "PATI] NAME ‘SIGNAL. NAME". 


SIGNAL. NAMF. is the name used in the inacro acfinition ta refer to 
the signal, except (hat the name generated for parameter signals is the 
name of the signal which was passed when die macro was called. If 
two or more signals are synonyms, then the name of the ane which is 
declared higher in the call structure is used, and if muhiple sigtals 
within the same fevel are synonyms, then the one which comes first in 


the alphabet is used. 


For a. signal which is gluvat threughout the entire system, 
PATHLNAME is “POP”. For focal and glelal signals which are 
declared in a inacro, PATHLNAME is cteated by concatenating, in 
order, the label in each macro call (with periods between them) in the 
expansion from the lop-level macro down to the macro containing the 


signal of interest. 


4.9 Board Layout and Partitioning 


During the macro-cxpansion process, cach terminal cempancat 
generated is assigned a terminal path name, which is generated by 
concatenating, in order, the labels of all the macro calls in the pach 
down the expansion tree which generated the terminal component 
(separated by periods), as weli as the label on the terminal component. 
Since cach label is nique within a macro definition, all terminal patt 
names are unique, 


SCALD inputs a fanguage which maps tenminal path names to 
boards and lo positions on boards. A companion paper, TAe SCALD 
Paysical Design Subsystem, Gesacribes in detail the language used to 
construct the S-1 processor (which was manually taid-oul). In 
general, the mapping function can be specified either totally ruanually, 
fully automaticaily, or by some combination of manual and automatic 
techniques. 


4.10 Text Forin of Macro Language 


The output of the SUIDS editor is a text form of the Macra 
Language, which ss input to the Macta Expander. ‘The text form of 
the Simple Piucessor Macro is shawn in Figine 410-1. The text 
Macro Language contains exactly the information in the drawings, 
but omits information about position and shape. Vor each macra 
definition, it consists of declarations which give the file name and 
macra names, follered by PARAMETER, DECLARE, and 
SYNONYM declarations. Fach body in the tvacra definition then 
has an entry which gives ctier the macro er terminal component 
name, the logical location label, and the actual seas passed to each 
signal parameter, SCALD automatically creates signal paines far 
unnamed signals; cach such name inciides a percent sign tu make It 
different from naines input by the designer. 


HATE =o SIMPLE PROCESSOR 4 
FILE «© .ExtHil = 


DECLARE » OWIPUT SIGH, 


SYNONYH © CXF QUIPUTSd>-QUIPUT SIGNy 


PROCESSOR CORTEGL ChOReC TED CR SEL EA SEL <Or b> /,OCG GPRREG ROR<3.3> /K 
SLU FUL MU CeSiS> ANMEG WREIC URES URDIE Lt] 

SERSUAGT Es AS) C2EEXT GUTPUD D355, Le EXT CHIPUT Os 355); 

2HURGE O (Le C CUT AA MALAY CUPPUTOD: 355, 7s 7177); 

LOND CL bs 2B L062) Ca SPL eM ds ZN, SEL BUF CIs dy /H,)2=, 2404 

JOLPOVALGC.G 3) (GRCLOCN, SeKEG CF RUE 7H, 72,50); 

BEG LOY7G CRT be JB COCHRIICh RIG Ch OUP /H,TeC GUE AA, RARE 

REG IALAR CEP BOK, EOCeRQNECE-ROG CN REF /4, TEXT CUTPUTO:9S>, Te 
10:34 /N); 

JOLGOSM CEC CLV CS-REG WRITE LZ, ACLOCK, 2-G14), 32); 

JOU RAN JOLSSRU GCE, Sheba al CS L= WO LeG142,)-£ 61 QUIPUT<Pr a>, Re 
ROG MORO AN, T-BcOrab> sty 

LOS7A (S120 56H, LOCEN) (TefcO:35> /N,EM Lo, CskXT CUTFUT<0:35>,2e71KT, 20 
EXT QUIFUTCI:IS> 2 C OUT ZH 03 1 206, FeEXT IRPUT «AL 3S>, Se 
A SEL BUF eOtd> 7IDy 

SHLKGE ©) (ae 42/0 737K, UH 76 7H, Teh CTL O:5> ANP; 

3G BIT RLU S016) (LOCEAD CCT. 7221. SaF37N,BeG<O135> /N,AM<B13G> /H,Fe 
<O:3h> /M,COSRIZT,HeZAZH) ; 


END; 


Figure 4.10-1 


Toot Daevneantatioan af Giiendle Prareseor Macro 
Lee ny i 


hi. Output Sistings Generated 


A number of output listings are generated to help in bath the design 
and debupsing of the hardware, The Macro Expander outjuts a 
directory of the macros used in a design, « listing which shows all of 
the places fran which a given macru is called, one which shows all of 
the macros which use a global signal, and a list of all of the macras 
and terminal components called by each macro definition, as shown in 
Figure f-1 and Figure 6-2. In order to aid in the 
partitioning: and layout of a system, SCAI.N provides an estimate of 
the muinber and types of chips used by a given macro, gencrated 
uMng sitnple licuristics ta account for the packing of multiple sections 
of a given type into a single chip. 


6. Gonslusions 


SCALI) fias been used to design a 5400-chip ECL processor (the S- 
1), ancdoin artdition to basic facilites for hierarchical design, it 
contalns many features which tave been found to be essential cither 
for the undlerstandability of the desipn or for the efficiency of the 
machine, Among such features are the following: 


~ Language constructs for declaring and using local, 
parameter and global signal vectors. 


~ A mechanism for defining in a single drawing all 
macios of identical structure but different width. 


- Mechanisms for conveniently manipulating multiple 
physica} versions of the same logical signat. 


- A mechanism which facilitates (he use of both 
physical polarities of a given logical siznal. 


~ Language constructs for representing — bit-wise 
syinmetricat logic. 


Structured lopic design consists of extending to lagic design the 
essential power of (he concepts and the tools which have been 
developed fer simplifying Ue pregramming task; the savines in 
human fabor expended in dinitat systems design realizable by this 
advance are potentially as preat as there which ihe applicatinn of 
compilers bas caused In the specification of complex arithmetic and 
logical computations, Qur expeneauce fas shown that the SCALT) 
Design System has greatly increased the understiantahility of the S-) 
Pro.essor, thus reducing Une desian clfort by a large factor, enhanemnye 
design cartectness, and facilitating the generatien of final 
documentahon, The design itself serves as a majeur portion of the 
final dactimentation because itis to readily understandable; thus, the 
need for expensive and relatively inaccurate ex post facia 
docuinentation is preally reduerd, Furthermore, the SGALD Design 


System has ine eased the changeability of the des 


ipn; siice macras are 
inherently wokded, changes ta one macro definition usually require 
minimal changes in other parts of the design. Finally, the imposition 
of structure on the design will faatlitate machine verification; tliat is, 
it will suppert simulation of the S-1 at a various levels above the 
chip levet. 
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sEXANL 


HACEO: PROCFESGR COKTPAL 
FILES: »EXAN2 
CALLED 1 THES FROM 


PARAMETER 


ALU CTL <@:Soi}, & SEL <O:i>01), 


RE. fi0K<13>UL), 


HUMBER 2 


Shv tC FROUCSSOR #1 


REG ERITE LOD) 


, LOCAL PEACH AUN(2), GRANCH REGCA, BE OTN 762), MICRO INSTR<6: 22> (8), 
o L2TeO172(2), C2VH2), G27S(2), G3. 3<G175(2) 
USING CLOCK), EXT LOAD CS BAtAcO122>(1), EXT LORD CS WE LCI), EXT RESET(H), 
OuTHT SIGH) 
SYHONYH PR FMeDI7> © HICKO INSTRO:7> 
PRGKTH ALM e NICFO TRSTR AR 
BRANCH MEG s MIERD TNS1P. 3s 
. REG MRM I> = MIGRO Wei tite 10: L3> 
RES WHYTE = RICK TYSTR.D4> 
ALY Ci e@iS> © KICKD TP. 1G: 2E> 
A SELeO:l> © MICRO INSTR 21: 22> 
HACROS CALLED 
c BRIT CTR 10016 A11 CCK e CLOCK, J-0:73 2 BR MORCO7>, PEL & 
GPe3, Roe EXT FEEET Det Pa er (Ter 2y ) 
63 e101g;n #18 (2 © G27S, 4 = HHINCH KS, § = OUTPUT SIGH ) 
G2 S1OIOHN #70 (Ze, 32 G273, 4 ONCH ALM, 5 © 6225) 
63 MB LGLIBV 2IZ(S1ZE28) (Beko © G3rF<rt7>, GeX> w , GeX> = 
C4TeO:7>, Peo F 
R XQ QGOW RAM NR7OAZ ANGCSTA ET Celso GIVIOI7>, CSL, 
leX> © EXT LOAD CS OATReG122>, Tho © MICRO INSTReOr22>, WEL ® 
EXT Lony Cs Me LD 
CHIPS LOCAL SECS TYPE 
23 6 = mb7e42 
2 ee 
i 1 oles 
} bE 10ne5n 
' & 8 12130 
se 
Figure 5-3 
Summary Output Listing fram Macro Fs pander 
DEFINE /USIKG CROSS KLFCRCKCE UIST 
CLOCK AUTOOFCL .oxeiL SIMPLE FFOLESSC! #1 
ING EMEA PROCESSOR CONTROL #201) 
L EXE SIMPLE PROCESSOR #112) 
EXT INPUT.C 38> AUTUBE CL oye SIHPL PROCESSER #1 
USING = EXE SIMPLE PROCESSOR #11) 
EXT LOAD 65 CATRER:22> ALISO LEMP PROCESSOR CONTROL #2 
USING vEXE 82 PROCESSOL CARROL #2 (1) 
EXT LOAD CS hi L AUTGCECL EXD PROCESSON CONTROL £2 
USING PAR PROCESSOR COLTKCL #2(1) 
» EXT QUIPUT «3:35 RUTORESL ENF A SIMPLE PROCESSED es 
is US1KS Lae) SIBPLE PROCLSSOR F108) 
EXT RESLT AUTOOECL EMR? PROCFSSOR FONIE™ #2 
; UsIhid = EX6"2 PROCESSOR CONTIN #2 (1) 
% 
# OUIPUY SIGH ser d SIMPLE FFOCESS£° 21 (8) 
Pann? PROCESSON COKIN, £201) 
EXO} SIMPLE FROLESSER #10) 


J igure 5-2 
Cross Reference Output Listing from Macro Expander 


